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A  520  nm  transient  was  observed  as  the  result  of  the  interaction  of* 
methylene  blue  triplet  with  methylene  blue  bound  to  an  electrode  surface. 

The  transient  was  observed  by  laser  flash  photolysis  in  an  outgastad  thin 
layer  transparent  electrochemical  cell  filled  with  a  solution  of 
methylene  blue  and  0.1M  KC1  in  50Z  aqueous  methanol  or  50t  aqueous  acetoni¬ 
trile.  The  520  nm  transient  is  observed  after  application  of  an  anodic  ■> 
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potential  of  0.1V  to  0.7V  vs  Ag/AgCl  for  a  few  seconds  on  <  Pt, 
Au  or  SnO?  electrode.  The  results  indicate  that  methylene  blue 
triplet  Is  the  precursor  of  the  species  associated  with  the  520 
nn  transient  and  this  transient  involves  interaction  of  the 
triplet  with  clectrodepositcd  dye .  <£ _ 
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ABSTRACT 


A  aiO  ius  transient  was  LuxivrJ  as  tne  result  ol  the  interaction  of 
metnylene  blue  triplet  with  mcthyleno  blue  bound  to  an  electrode  surface.  The 
transient  was  observed  by  laser  t iash  photolysis  in  an  out^assed  thin  layer 
transparent  e le ct roc  nestle a 1  cell  filled  with  a  solution  of  10  "\m  methylene 
blue  and  0. 1M  KC1  in  5d,  aqueous  methanol  or  501  aqueous  acetonitrile.  The 
520  ns  transient  is  observed  alter  application  of  an  anodic  potential  of 
0.1V  to  0.7V  vs  As/A^Cl  for  a  few  seconds  on  a  Pt,  Au  or  SnO  ,  electrode.  The 
results  indicate  that  methylene  blue  triplet  is  the  precursor  of  the  species 
associated  with  the  520  in  transient  and  this  transient  involves  interaction 
of  the  triplet  with  elect rodeposi ted  dye. 


W«j  wish  to  report  observation  of  the  520  mu  transient  absorption  in 
methylene  blue  solutions  as  a  result  of  the  interaction  of  methylene  blue  in  the 
triplet  state  with  methylene  blue  bound  to  an  electrode  surface.  Although  this 
spectral  transient  has  been  generated  earlier  via  homogeneous  processes,*  ^  this 
is  the  first  time  it  has  been  generated  through  a  heterogeneous  process. 

The  transient  was  observed  in  a  thin  layer  transparent  electrochemical  cell 
filled  with  a  solution  of  10  methylene  blue  and  G.1M  KC1  in  502  aqueous  methanol 
or  502  aqueous  acetonitrile.  The  same  transient  appears  when  the  electrode 
material  is  ft,  Au  or  SnO^  un  glass.  The  optical  system  permitted  monitoring 
oi  spectral  transients  at  wavelengths  longer  than  400  i<a  beginning  approximately 
10  us  after  tnc  laser  flash. 

Laser  flash  pnutolysis  at  Cb7  ;u~  of  the  outgassed  tell  adjusted  to  pH  7.4 
generates  only  the  -20  nia  transient  absorption  associated  with  the  methylene  blue 
basic  triplet.  *',<  If,  however,  prior  to  photolysis,  the  optically  transparent 
electrode  is  ncla  at  potentials  ranging  from  0,1V  to  0.7V  vs  Ag/AgCl  for  a  few 
seconds,  a  second  transient  absorption  appears  at  5*0  na.  This  520  na  transient 
appears  approximate ly  10  ,.s  after  the  flash,  as  lie  420  na  transient  of  the  basic 
triplet  begins  to  disappear,  and  its  maximum  intensity  is  reached  at  25-30  US 
which  corresponds  close.)-  with  the  half-life  of  the  methylene  blue  basic  triplet. 
These  results  indicate  two  important  aspects  of  the  formation  of  the  520  nffl 
transient,  first,  at  pH  7.4,  the  methylene  blue  basic  triplet  is  the  precursor 
of  the  species  associated  with  the  520  iu  transient.  Second,  generation  of  the 
520  nn  transient  involves  interaction  of  the  triplet  with  the  clcctro-dcposltcd 
dye. 

If  the  experiment  is  performed  at  pH  2,  the  520  nra  transient  again  appears 
approximate ly  10  gs  after  tl.-i  laser  flash,  although  the  intensity  Is  reduced  by 
v.a  50*.  Instrumental  limitations  prevent  direct  observation  of  the  decay  of  the 


methylene  blue  acidic  triplet  (A  c.i  S7j  ius) ,  bui  it  appear*  that  under  these 
conditions  the  precursor  ol  tne  species  associated  with  the  S20  iua  transient  is 
the  acidic  triplet.  The  pKa  ot  the  methylene  blue  acidic  triplet  is  6.8* ,b,  so 
that  at  pH  2,  the  major  triplet  species  is  the  acidic  triplet.  Thus,  both  the 
acidic  triplet  and  the  basic  triplet  can  generate  the  520  transient  absorption. 

It  is  also  clear  that  photocxcilat ion  of  methylene  blue  to  the  triplet  state 
must  occur  in  solution  for  observation  of  the  520  am  transient.  If,  after 
clcctrodeposition  of  methylene  blue,  the  cell  is  flushed  with  methanol  and  filled 
with  electrolyte  which  does  not  contain  methylene  blue,  flash  photolysis  does  not 
yield  the  520  r.n  transient.  Refilling  the  cell  with  fresh  electrolyte  containing 
methylene  blue  restores  the  520  nm  transient  to  its  initial  intensity.  This 
reinforces  the  observation  tnal  once  methylene  blue  is  clectrodeposited,  applied 
potential  is  not  necessary  for  observation  of  the  520  nm  transient. 

The  essential  spectral  characteristics  of  the  520  ns,  transient  we  have 
observed  closely  approximate  those  of  the  transient  generated  by  homogeneous 
photolysis  of  methylene  blue  solutions  with  and  without  oxidizing  agents.  In 
addition  to  the  same  A  ^  value,  both  species  exnibit  essentially  the  sane  molar 
absorptivity.  As  estimated  s rom.  the  decreases  in  the  ground  stale  absorbance 
ol  methylene  blue  at  olO  nta  and  the  corresponding  absorbance  of  the  520  nm  transient 
250  . s  after  the  flash,  the  molar  absorptivity  of  the  transient  species  in  our 
experiment  is  1.1  x  10J  at  520  iua.  The  excellent  agreement  between  this  value 
and  the  value  ol  1.2  x  lUJ  reported  by  Danrigcr,  ct.  al.*  suggests  that  the  species 
associated  with  tnc  5cu  iua  transient  in  our  exper i-oent  Is  closely  related  to  the 
species  associated  with  the  homogeneously  generated  transient.  Further,  the  520 
nn  transient  is  not  ooserved  when  11^0  is  the  solvent,  indicating  taal  initial 
absorption  is  by  methylene  blue  monomer. 
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